In this study, some molecular properties of (2Z, 5Z)-3-N(4-methoxy phenyl)-2-N'(4-methoxy phenyl imino)-5-((E)-3-(2-nitrophenyl) allylidene) thiazolidin-4-one (MNTZ) are evaluated using a combination of spectroscopic characterization (FT-IR, 1 H and 13 C NMR chemical shifts) and theoretical calculations. Molecular geometry, vibrational wavenumbers, gauge-independent atomic orbital (GIAO), 1 H and 13 C chemical shift values and NBO analysis are investigated using B3LYP and PBE functionals with the 6-31G(d,p) basis set in the ground state. The calculated geometrical parameters and vibrational spectra are compared to available experimental data and each vibrational frequency is assigned on the basis of potential energy distribution (PED). The electronic transitions are calculated using time-dependent density functional theory (TDDFT). The energy band gap between the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) energies are obtained by computing the frontier molecular orbitals using the B3LYP/ 6-31G(d,p) and PBE/6-31G(d,p) levels along with the global reactivity descriptors. Mulliken atomic charges and molecular electrostatic potential (MEP) are simulated using both functionals to find more reactive sites for electrophilic and nucleophilic attack. Finally, the thermodynamic functions (heat capacity, entropy, and enthalpy) from spectroscopic data are obtained and discussed in the range of 100-1000 K. Figure 5 The experimental FT-IR and theoretical IR spectra of MNTZ.
Introduction
It is well known that heterocyclic compounds are one of the most important classes of organic compounds. During the last few decades, they have attracted attention due to their proven usefulness in material sciences. [1] [2] [3] Moreover, the study of heterocyclic compounds is also of great interest theoretically. Specifically, thiazolidinones which belong to an important group of heterocyclic compounds, have been widely explored for their application in the field of medicine. 4, 5 Thiazolidinones derivatives, particularly 4-thiazolidinones gained the attraction of researchers as a result of their broad-spectrum biological activity. [6] [7] [8] In addition, thiazolidinones are also known to exhibit push-pull effects and have photovoltaic applications due to the substituent at position 5 of the thiazole moiety. 9, 10 On the other hand, the presence of heteroatoms nitrogen, oxygen or sulfur incorporated into the heterocyclic rings may have a strong effect on the polarity and polarizability of the molecule, the angle of rotation between its fragments, the planarity and thus on its stability.
In this paper, our interest was the thiazolidinones derivative, containing delocalized electrons. The π-conjugated system allows the title compound to exhibit the asymmetric electronic distribution which leads to increased charge transfer. Recently, the synthesis and X-ray crystal structure of the title compound was published. 11 Based on these studies, and as a continuation of our previous work on thiazolidinone compounds [12] [13] [14] [15] , herein, we report the optimized molecular structure as well as a detailed spectroscopic study on (2Z, 5Z)-3-N(4-methoxy phenyl)-2-N'(4-methoxy phenyl imino)-5-((E)-3-(2-nitrophenyl) allylidene) thiazolidin-4-one (MNTZ) using IR, 1 H and 13 C NMR spectra. The natural bond orbital (NBO) analysis is carried out to interpret intramolecular charge transfer (ICT). Besides considering charge transfer within this molecule, we have determined HOMO-LUMO orbitals and global reactivity descriptors. The reactivity and stability of MNTZ were determined by global chemical parameters such as ionization potential, the electron affinity, the absolute electronegativity, electrophilicity index, the absolute hardness and softness. The ionization potential represents the amount of energy required to remove an electron from an isolated atom or molecule where the electron affinity refers to the capability to accept one electron from a donor. These two parameters can be obtained from HOMO-LUMO analysis. The power of an atom in molecule to attract electrons to itself describes its electronegativity and the electrophilicity is defined as a measure of the propensity of a species to accept electrons. The electrophilicity index was calculated using the electronic chemical potential and chemical hardness. A good, more reactive, nucleophile is characterized by a lower value of chemical potential and electrophilicity index, and conversely a good electrophile is characterized by a high value of chemical potential and electrophilicity index. The UV-Visible spectroscopic studies along with the calculated value of the band-gap energy were used to interpret charge transfer within the molecule. Mulliken population analysis, molecular electrostatic potential (MEP) and thermodynamic parameters were investigated using B3LYP and PBE functionals in the gas phase.
Experimental and Computational Details
Synthesis, solid state structure and spectral data (IR, 1 H NMR, 13 C NMR) of the title compound are reported in our previous work. 11 IR spectra were recorded in KBr pellet on a JASCO FT/IR 4210 Fourier Transform Infrared Spectrometer and the reported wave numbers were given in cm -1 . The 1 H NMR and 13 C NMR were recorded on Brüker Ac DPX-200(300 MHz) spectrometer in CDCl 3 as solvent using tetramethylsilane as an internal reference standard.
Density functional theory (DFT) has proved to be extremely useful for studying the electronic structures of molecules. Calculations of the new (2Z, 5Z)-3-N'(4-methoxy phenyl)-2-N'(4methoxy phenyl imino)-5-((E)-3-(2-nitrophenyl) allylidene) thiazolidin-4-one (MNTZ) are carried out using the Gaussian 09 program and GaussView molecular visualization software. 16, 17 The parent structure for the calculations is obtained from the X-ray coordinates 11 and this structure is optimized at the DFT level of theory with the B3LYP 18, 19 and PBE 20 functionals and the 6-31g(d, p) basis set. Optimized structures are used in the vibrational frequency calculations to ensure that the obtained structures represent a local minima. The theoretical vibrational spectrum is interpreted through the Potential Energy Distribution (PED) using Vibrational Energy Distribution Analysis (VEDA) program. 21 The nuclear magnetic resonance (NMR) chemical shift calculations are undertaken using the Gauge-Independent Atomic Orbital (GIAO) method at B3LYP/6-31G(d,p) level. Chloroform solvent effects on theoretical NMR parameters were included using single point calculation on optimized gas phase geometry.
The time-dependent density functional theory (TD-DFT) method on the ground state was used to calculate the excited states and the electronic transitions. The chloroform solvent effect has been considered using the Polarized Continuum Model (PCM). 22 The vertical transition wavelength/energies are calculated for 10 excited singlet states by the TD-DFT methodology using the same functionals as geometry optimization. The NBO analysis is performed with DFT/B3LYP/6-31g(d,p) level to elucidate the conjugation, charge transfer and delocalization of electron density within the molecule. Besides, Mulliken and NBO atomic charges, the molecular electrostatic potential (MEP), frontier molecular orbital (FMOs), the dipole moment and thermodynamic properties of MNTZ were investigated using both functionals.
Results and Discussion

Optimized Geometry
The optimized structure of MNTZ molecule is given in Fig. 1 with atomic labelling and the corresponding cartesian/internal coordinates are reported in Table S1 (see supplementary information). The geometrical parameters (bond lengths, bond angles, and dihedral angles) computed by B3LYP and PBE functionals with the 6-31G(d,p) basis sets are listed in Tables S2,  S3 and S4 (see supplementary information), together with the X-ray parameters. 11 The differences between calculated and experimental bond lengths and angles are within a few Angstroms and degrees, respectively, when compared to the experimental parameters, which indicate that our calculations are acceptable. The small differences can be due to the fact that calculated data are collected in the gas phase, while the experimental data are acquired in the solid state.
To get a better comparison of the geometrical parameters, correlation graphs between the calculated and the experimental parameters of bond lengths, bond angles and dihedral angles are shown in Fig. 2, Fig. 3 and Fig. 4 , respectively. The correlation RESEARCH ARTICLE R. Rahmani, Ah. Djafri, A. Chouaih, Ay. Djafri, F. Hamzaoui and A.M. Krallafa, 177 S. Afr. J. Chem., 2019, 72, 176-188, <https://journals.sabinet.co.za/content/journal/chem/>.
Figure 1
Optimized geometry with the atomic numbering scheme of MNTZ obtained from the B3LYP level. values R 2 obtained by B3LYP and PBE functionals with 6-31g(d,p) basis set are 0.9868 and 0.9794 for bond lengths, 0.9402 and 0.9326 for bond angles and 0.9943 and 0.9917 for dihedral angles. These results confirmed the good agreement between calculated and experimental parameters.
Vibrational Assignments
The experimental FT-IR and the calculated wavenumbers by B3LYP and PBE methods with 6-31g(d,p) basis set and their assignment using potential energy distribution (PED) calculation are given in Table S5 (see supplementary information). The calculated and experimental infrared spectra are shown in Fig. 5 . No imaginary frequency has been found, which means that the optimized geometry is located at the local lowest point on the potential energy surface. The calculated frequencies are higher than the experimental values for the majority of the normal modes, for this reason, the scaling factors 0.961 and 0.986 are used for B3LYP and PBE calculated frequencies 23, 24 , respectively. The MNTZ consists of 56 atoms and hence it shows 162 (3N-6) normal modes of vibration 25 active in infrared absorption.
C-H Vibrations
The C-H stretching vibrations of aromatic compounds appear in the range of 3100-3000 cm -1 . 26 In the present study, the phenyl ring CH stretching vibrations are predicted at the region 3120-3070 cm -1 for B3LYP and 3128-3084 cm -1 for PBE, which are in good agreement with the observed value of 3057.7 and 3008.8 cm -1 in FT-IR spectrum.
The experimental wavenumbers of CH stretching vibrations of allylidene fragment are observed at 2951 and 2930 cm -1 in the FT-IR spectrum. The corresponding theoretical values are 3058-3039 cm -1 for B3LYP and 3064-3048 cm -1 for PBEPBE functional.
The in-plane C-H bending vibration occurs in the region 1300-1000 cm -1 . 27 This vibration is computed in the range 1460-985 cm -1 for B3LYP and 1448-978 cm -1 for PBE and the corresponding experimental values are found in the region 1296-1009 cm -1 in FT-IR. The out-of-plane C-H bending vibrations give rise to bands in the region 900-625 cm -1 . 28 This vibration is predicted at 967-520 and 950-512 cm -1 with B3LYP and PBE levels, respectively, and observed at 968-647 cm -1 in FT-IR. 
C=C Vibrations
Generally, the C=C stretching vibrations in aromatic compounds occur in the region 1650-1430 cm -1 . 29 In the present study, the C=C stretching vibration of benzene rings appears at 1637, 1608, 1513.7 and 1439.8 cm -1 in the FT-IR spectrum. The corresponding computed values are 1609, 1542 and 1423 cm -1 for ring 1 (C1-C6), 1605, 1573 and 1409 cm -1 for ring 2 (C13-C18) and 1601, 1557 and 1404 cm -1 for ring 3 (C19-C24). On the other hand, the band observed at 1587 cm -1 in the FT-IR spectrum is assigned to C=C stretching vibration of allylidene fragment. The corresponding predicted values with the B3LYP level are 1593 and 1583 cm -1 for C7=C8 and C9=C10, respectively.
C=N Vibration
The observed frequency at 1654 cm -1 in the infrared spectrum is assigned to C=N stretching vibrations. This vibration appears at 1658 cm -1 in theoretical IR computed with B3LYP/6-31g(d,p) level and shows a pure mode and its PED contribution is about 74 %.
Nitro Group Vibrations
The asymmetrical stretching vibrations of substituted nitrobenzene occur in the region 1560-1490 cm -1 , 30 and symmetric stretching vibrations occur in the region 1370-1310 cm -1 . The FT-IR spectrum for MNTZ gives peaks at 1566.1 and 1374.4 cm -1 , and these peaks are assigned as asymmetric and symmetric NO 2 stretching vibrations. These peaks are predicted at 1566 and 1339 cm -1 for B3LYP and 1551, 1353 cm -1 for PBE, respectively. The asymmetric NO 2 stretching vibration calculated by B3LYP is found to be exactly correlated with the experimental one. The observed NO 2 in-plane bending vibration is assigned at 841cm -1 in the FT-IR spectrum. The wavenumbers are computed at 842 and 814 cm -1 for the scissoring modes which are correlated with the experimental values. Furthermore, the out-of-plane bending vibration is observed at 683 in the FT-IR spectrum. The corresponding calculated values are 771 and 682 cm -1 with the B3LYP level.
Methoxy Group Vibrations
The asymmetric and symmetric CH stretching vibrations of the two methyl groups occur in the region 3029-2954 and 2900-2896 cm -1 for B3LYP/6-31g(d,p) level, respectively. These vibrations are observed at 2930-2834 cm -1 in the FT-IR spectrum. The in-plane bending modes of CH 3 appear at 1461 cm -1 in the FT-IR spectrum. The calculated values at 1460 and 1430 cm -1 obtained by B3LYP level are consistent with FT-IR results. Moreover, the out-of-plane bending vibrations are measured at 1166 in FT-IR and computed at 1165 and 1133 cm -1 with B3LYP/6-31g(d,p). The bands calculated in the range 1036-1035, 280-227 and 156-85 cm -1 are assigned as the stretching O-C, in-plane and out of plane C-OCH 3 vibrations.
Thiazolidinone Group Vibrations
Vibrational analysis of thiazolidinone group is made on the basis of C=O, C-N, and C-S vibrations. The carbonyl stretching vibration is observed at 1713 cm -1 in the experimental infrared spectrum and calculated at 1725 and 1711 cm -1 with B3LYP and PBE levels, respectively. The stretching C-N vibration gives rise to a band at 1345 cm -1 in the FT-IR spectrum and the corresponding calculated values are 1327 and 1351 cm -1 with B3LYP and PBEPBE levels, respectively. The bands observed at 591 and 446.9 cm -1 in the IR spectrum are assigned to stretching νC-S and bending δCSC, respectively. These bands are calculated at 588 and 446 cm -1 with the B3LYP level. All these results are in good agreement with the literature. [31] [32] [33] 
1 H and 13 C NMR Spectral Analysis
The theoretical 1 H and 13 C NMR isotropic shielding were com-puted with the B3LYP/ 6-31G(d,p) level using chloroform as a solvent and the gauge-independent atomic orbital (GIAO) method. 34 The TMS shieldings with B3LYP/GIAO/6-31G(d,p) are 31.74 ppm and 192.12 ppm for 1 H and 13 C NMR, respectively. 35 The chemical shift of the studied molecule is δ (MNTZ) where δ (MNTZ) = σ (TMS) -σ (MNTZ) (σ is a chemical shielding). 36 1 H and 13 C NMR spectra of MNTZ are shown in Fig. 6 and Fig. 7 , respectively. The experimental and calculated 1 H and 13 C isotropic chemical shifts for MNTZ using the B3LYP/6-31G(d,p) level of theory are given in Table S6 (see supplementary information). The 1 H NMR spectrum ( Fig. 6a ) of MNTZ in chloroform shows two singlet peaks at 3.81 and 3.85 ppm for the methoxy moieties, the corresponding calculated ranges ( Fig. 6b ) are 3.58-3.95 ppm for O 25 CH 3 and 3.61-3.97 ppm for O 26 CH 3 . The aromatic ring protons give signals in the range of 6.9-8 ppm. The singlet peak at 8 ppm is assigned to the H2 proton (calculated value as 8.4 ppm). Also, the singlet peak at 6.9 ppm is assigned to phenyl protons (H15, H17, H21, and H23), the corresponding calculated values are 7.0, 6.8, 6.9 and 6.8 ppm, respectively. The doublet peak at 7.04 ppm is assigned to H20 and H24 protons and the doublet peak at 7.35 ppm is assigned to H14 and H18 protons which correlated with the calculated value of 7.4 ppm. The multiplet between 7.43-7.67 ppm is assigned to H3, H4 and H5 protons. For the allylidene fragment protons, H8 appears as a RESEARCH ARTICLE R. Rahmani, Ah. Djafri, A. Chouaih, Ay. Djafri, F. Hamzaoui and A.M. Krallafa, 180 S. Afr. J. Chem., 2019, 72, 176-188, <https://journals.sabinet.co.za/content/journal/chem/>. doublet of doublets at 6.71 ppm (calculated at 6.95 ppm) while H7 and H9 appear as multiplet in 7.43-7.67 ppm range, corresponding calculated values at 7.72 and 7.55 ppm, respectively.
The experimental and calculated 13 C NMR spectra of MNTZ in chloroform are found at the range 55-165 ppm and 52-159 ppm and are shown in Fig. 7a and Fig. 7b , respectively. Among the carbon atoms, C11 gives the highest NMR chemical shift which is about 165.87 ppm, the corresponding estimated value is 159.32 ppm due to the effect of carbonyl moiety. The chemical shifts for C16 (observed at 159.9 and estimated at 153.4 ppm) and C22 (observed at 157.2 and estimated at 151.1 ppm) are found to be higher than the other phenyl carbons due to the electro-negativity of the oxygen atoms. Also, the experimental signals of C1 and C12 appear in the higher frequency region at 148. 13 respectively. All these results show that the B3LYP functional with the GIAO method and 6-31G(d,p) basis set, using chloroform as solvent predicted well the 1 H and 13 C NMR spectra.
Natural Bond Orbital (NBO) Analysis
NBO analysis has been performed using NBO 3.1 37 implemented in the Gaussian 09 program at DFT/B3LYP/6-31G(d,p) level to elucidate the conjugation, charge transfer and delocali-zation of electron density within the molecule. 38 In NBO analysis large E(2) value shows intensive interaction between electron-donors and electron acceptors and therefore indicating a greater extent of conjugation in the system. 39 The intramolecular hyper-conjugative interactions are formed by the orbital overlap between bonding π(C-C) and antibonding π*(C-C) orbitals. These interactions have greater energy contributions from 10.16 to 24.25 Kcal mol -1 as depicted in Table 1 . The
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Type
Donor (i) Occupancy Acceptor (j) intramolecular interactions are also due to the overlap between lone pair of oxygen, nitrogen and sulfur atoms and antibonding of (C-C), (C-N), (O-N) and (C-O) orbitals. For example, the strong intramolecular hyperconjugative interaction n(O1) → π*(O2-N1) leads to stabilization energy of 156.71 Kcal mol -1 . Furthermore, the electron lone pair in the nitrogen of thiazolidinones ring LP(1) N2 transfer its electron to antibonding orbital π*(C11-O3) and π*(C12-N3) with stabilization energy of 53.95 and 44.47 Kcal mol -1 , respectively. Besides, the most important interactions are mainly from π*(C11-O3), π*(C21-C22) and π*(C16-C17) orbitals as donor to the antibonding π*(C9-C10), π*(C23-C24) and π*(C14-C15) orbitals as acceptor with a strong stabilization energy of 124.94, 261.82 and 243.66 Kcal mol -1 , respectively. All these intra-molecular hyper-conjugative interactions result in intra-molecular charge transfer (ICT) causing stabilization of the system. 40
Chemical Stability and Electronic Transitions
Frontier Molecular Orbitals (FMOs)
The Frontier molecular orbitals (HOMO and LUMO) play a crucial role in the chemical stability and optical properties of the molecule, as well as in quantum chemistry and UV-Vis spectrum. 41, 42 The HOMO, LUMO and band gap energies calculated at B3LYP and PBE functionals with 6-31G(d,p) basis set are listed in Table 2 . The distributions of the HOMO and LUMO orbitals computed at the B3LYP/6-31G(d,p) method are shown in Fig. 8 . It is interesting to see that both orbitals are substantially distributed over the conjugation plane. As can be seen from Fig. 8 , the HOMO orbital is delocalized over the two methoxy-phenyl and imino-thiazolidinone rings whereas the LUMO orbital is localized on the nitro-phenyl and allylidene fragment. This intra-molecular charge transfer from the electron donating group through the π-conjugation system to the electron accepting group promotes the molecular stability.
Global Chemical Reactivity Descriptors (GCRD)
Nowadays, the chemical hardness and softness properties of a molecule are used to describe the reactivity and molecular stability. This relationship can be achieved by the determination of global chemical reactivity descriptor (GCRD) parameters. Using computational methods, GCRD parameters were calculated at the B3LYP and PBE level of theory with 6-31G(d,p) basis set by using the following equations:
where I = -E HOMO and A = -E LUMO are the ionization potential and electron affinity, respectively. The computed values of GCRD parameters are summarized in Table 3 . The chemical hardness (η) values for the title compound are 1.358 and 0.674 eV as obtained by B3LYP and PBE functionals, respectively, where the small ETA-ETA-ETA values indicate that the charge transfer occurs in the molecule.
From the results, the calculated ionization potential, electron affinity and electronegativity using B3LYP (PBE) functional are 5.429 (4.680), 2.713 (3.332) and 4.071 (4.006) eV, respectively. According to these quantum chemical parameters, the MNTZ is a chemically hard system and can be described as a less reactive compound. Furthermore, the high values of the electrophilicity index (6.102 eV by B3LYP and 11.905 eV by PBE) compared to the RESEARCH ARTICLE R. Rahmani, Ah. Djafri, A. Chouaih, Ay. Djafri, F. Hamzaoui and A.M. Krallafa, 183 S. Afr. J. Chem., 2019, 72, 176-188, <https://journals.sabinet.co.za/content/journal/chem/>. 
Absorption Spectra
For a molecule to have an important molecular charge transfer, it must show good absorption and emission properties. TD-DFT is often used to compute the excited-state properties of molecules. 43, 44 From the optimized structure obtained by B3LYP/6-31G(d,p) level of the title compound, the electronic transitions were investigated by using the TD-DFT. The obtained results (vertical excitation energies, oscillator strength (f), transition wavelength and contributions) are collected in Table 4 .
The experimental and calculated UV-Visible absorption spectra are shown in Fig. 9 . As can be seen from Fig. 9a According to the TD-DFT calculations, the experimental bands at 411 and 356 nm corresponding to π-π* and n-π* transitions. There is a good agreement between experimental and theoretical results.
Molecular Properties
Mulliken and NBO Atomic Charges
Atomic charge calculations play an important role in the application of quantum chemical calculations to the molecular system. The calculated Mulliken 45 and NBO charge values using B3LYP and PBE functionals with 6-31G(d,p) basis set are listed in Table 5 . As can be seen, the results of Table 5 reveal the effect of the functional in the value of atomic charge distribution but the same behavior is observed. In fact, for hydrogen atoms, the difference is about 0.01 e and for the non-hydrogen atoms, it does not exceed 0.04 e. The Mulliken atomic charge analysis of MNTZ shows that nitrogen atoms (N2 and N3) have maximum negative charge values which impose positive charges to all carbon atoms bonded to these high electronegative atoms, while the nitrogen atom (N1) posses positive charge which was imposed by oxygen atoms (O1 and O2). The NBO atomic charge analysis of MNTZ shows that oxygen atoms (O3, O4 and O5) have maximum negative charge values. On the other hand, the maximum positive charge value is obtained for the C11 atom (for both Mulliken and NBO charges) due to the negative charge of oxygen (O3). Furthermore, O4 and O5 atoms have high negative charges which impose positive charges to C16 and C22, respectively. Moreover, all the hydrogen atoms have net positive charges thereby all carbon atoms connected to these electropositive atoms exhibit negative charges.
Molecular Electrostatic Potential
The main purpose of the molecular electrostatic potential study is the localization of electrophilic and nucleophilic sites of a molecule. 46 In the MEP map, the red colour indicates the maximum negative region promoting the site for an electrophilic attack while the blue colour indicates the maximum positive region making the site favorable for nucleophilic attack. Molecular electrostatic potential of MNTZ using B3LYP/6-31G (d,p) optimized geometry is computed and its surface map is shown in Fig. 10 . This MEP map shows that there are three possible sites for electrophilic attack localized on the O1, O2, and O3 atoms, while the sites for the nucleophilic attack are located over the hydrogen atoms. The region very near to the sulfur atom is positive due to the fact that the S atom is surrounded by the electropositive atoms. These results show that the most reactive site of the MNTZ molecule is the site containing the oxygen atoms. These sites give information concerning the region from where the compound can have intermolecular interactions.
Thermodynamic Properties
The values of some thermodynamic parameters (such as zero-point vibrational energy (ZPVE), rotational constants, rotational temperatures, thermal energy, molecular capacity at constant volume, entropy, zero point correction, thermal correction RESEARCH ARTICLE R. Rahmani, Ah. Djafri, A. Chouaih, Ay. Djafri, F. Hamzaoui and A.M. Krallafa, 184 S. Afr. J. Chem., 2019, 72, 176-188, <https://journals.sabinet.co.za/content/journal/chem/>. to energy, thermal correction to enthalpy and thermal correction to Gibbs Free Energy) of MNTZ at 298.15 K in ground state are obtained from the theoretical harmonic frequencies and reported in Table S7 . The variation in zero-point vibrational energies (ZPVEs) seems to be considerable. The ZPVE obtained from B3LYP functional is higher compared to the value obtained from the PBE functional. Whereas, no change was observed for rotational constant and rotational temperature using both functionals. The total energy of the MNTZ molecule is the sum of electronic, translational, rotational and vibrational energies, even for entropy and capacity at constant volume. The thermodynamic functions such as entropy (S), heat capacity at constant pressure (Cp) and enthalpy content (ΔH = H(T) -H(0)) for various ranges of temperatures from 100 to 1000 K are determined using perl script THERMO.PL 47 and reported in Table S8 and Fig. 11 . It is obvious to see that the change of the functional does not affect the thermodynamic properties at different temperatures. Furthermore, all the calculated thermody- namic parameters (S, C p , and ΔH) increase with the increase of temperature, due to the enhancement of molecular vibration.
Conclusions
In the present work, the optimized molecular geometry of thiazolidinones derivative has been investigated and compared with its X-ray structure. The structure was optimized using DFT/B3LYP and PBE methods with 6-31g(d,p) basis set. Bond lengths, as described earlier, are similar to literature values. Bond angles indicate that the π electrons in the studied molecule are delocalized. Except for some values, the obtained results indicate the good agreement between calculated values and experimental parameters. Detailed experimental spectroscopic results were presented. The vibrational wavenumbers of the title compound have been calculated by B3LYP and PBE functionals with 6-31G(d,p) basis set and assigned on the basis of PED. The experimental and theoretical frequencies were compared taking into account the scaling factors 0.961 and 0.986 for B3LYP and RESEARCH ARTICLE R. Rahmani, Ah. Djafri, A. Chouaih, Ay. Djafri, F. Hamzaoui and A.M. Krallafa, 186 S. Afr. J. Chem., 2019, 72, 176-188, <https://journals.sabinet.co.za/content/journal/chem/>. 
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